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COMPARISON OF SOIL-APPLIED AND POSTEMERGENCE HERBICIDES WITH MULTIPLE 
SITES OF HERBICIDAL ACTIVITY ON TWO POPULATIONS OF HERBICIDE-RESISTANT 
PALMER AMARANTH IN KENTUCKY 
 
 
With the introduction of herbicide resistant Palmer amaranth into Kentucky 
during the past 10 years there has been an increasing concern for effective control 
measures in grain production. Field trials were performed in 2016 and 2017 near Barlow 
and Paris, KY to determine efficacy of chemical control programs targeting herbicide 
resistant Palmer amaranth. Percent visual control, effects on plant density and plant 
height were measured in 2016 to determine treatment effectiveness. Treatments 
containing four different sites of herbicide activity achieved an average of 98% control. 
Treatments containing only 3, 2 or 1 site of activity only achieved 64%, 45% and 33% 
control, respectively. Within the long-chain fatty acid inhibitors herbicides in this study, 
pre-emergent applied pyroxasulfone provided greater control than S-metolachlor or 
acetochlor. Pyroxasulfone also provided greater control than the photosystem II 
herbicides atrazine and metribuzin. In 2017 PRE treatments consisting of three-way 
mixtures of flumioxazin + pyroxasulfone + chlorimuron or S-metolachlor + metribuzin + 
fomesafen followed by a POST herbicide treatment provided >90% suppression of 
Palmer amaranth 4 weeks after trial initiation. Post-emergence treatments containing 
glyphosate + dicamba or glyphosate + 2,4-D following a soil-applied pre-emergent 
treatment achieved the most effective season-long control of Palmer amaranth. 
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INTRODUCTION 
 
Palmer amaranth (Amaranthus Palmeri) and waterhemp (Amaranthus tuberculatus) are 
summer annual species of increasing occurrence in Kentucky. Palmer amaranth is native 
to Mexico and the Southeastern United States (USDA-NRCS 2017a). Waterhemp is 
native to the Great Plains region of the United States (USDA-NRCS 2017b). While these 
two species are common across much of the Southern and Midwestern United States, in 
recent years these troublesome weed species have become more common in Kentucky. 
Surveys conducted by University of Kentucky Cooperative Extension Service concluded 
that in 2005 nine counties in Kentucky had confirmed populations of either one or both 
of these Amaranthus species. Similar surveys in 2015 concluded over half of the 120 
counties in Kentucky contained these populations (Green and Martin 2016). 
A 2016 Weed Science Society of America survey ranked Palmer amaranth and 
waterhemp as the 1st and 4th most troublesome weed species in the United States, 
respectively. The same survey ranked Palmer amaranth as the fourth most common 
weedy plant species in the United States (Van Wychen 2017). 
Palmer amaranth was not widespread across the Southeastern United States until 1995, 
when it became the most troublesome weed of cotton (Gossypium hirsutum) 
production in the Carolinas (Ward et al. 2013). By 2009, Palmer amaranth was ranked 
among the top 10 most troublesome weed species of row crop production across 9 of 
10 southeastern states surveyed. Sauer (1957 p. 24) argues among the dioecious 
amaranth species, Palmer amaranth “has been by far the most successful as a weedy 
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invader of artificial habitats, whether they were prepared by primitive or modern 
technology.” 
Common sources of Palmer Amaranth and waterhemp introduction to new areas within 
Kentucky include the acquisition of used harvest equipment, cotton seed hulls used as 
livestock feed additives and uncertified cover crop seed (JD Green, Personal 
Communication). The digestive tracts of migratory waterfowl such as ducks and geese 
have been shown to transport viable Amaranthus seed up to 2964 km from the original 
source of feeding (Farmer 2017). DeVlaming and Proctor 1968 found Palmer amaranth 
seed passing through digestive tracts of various avian species and retained >60% 
viability. Viable Palmer amaranth seed was collected from avian digestive tracts up to 27 
hours after consumption. Dramatic weather events, such as hurricanes have been 
shown to transport Amaranthus seed to new geographies (Menges 1987). 
Growing in optimal conditions, a single Palmer amaranth plant can produce up to 
600,000 seed. When grown in competition with soybean (Glycine max), Palmer 
amaranth seed production is approximately 40,000 seed per plant (Keeley et al. 1987). 
Waterhemp has the ability to produce seed in excess of 250,000 per plant (Schwartz et. 
al 2016; Sellers et al. 2003). Waterhemp seed has the ability to persist and remain viable 
four years after seed rain (Buhler and Hartzler 2001). 
Many Amaranthus species such as Redroot Pigweed (Amaranthus retroflexus) and 
Smooth Pigweed (Amaranthus hybridus) are monoecious, with both male and female 
flowers occurring on the same plant. Whereas, Palmer Amaranth and waterhemp are 
dioecious, male and female flowers occur on separate plants, making both species 
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obligate outcross pollinators (Franssen et al 2001; Steckel 2007). Palmer amaranth is a 
wind pollinated species capable of producing large amounts of pollen. In Arizona 
Walkington (1960) found Palmer amaranth to be one of the largest contributors to 
September pollen concentrations. 
Sosnoskie et al. 2012 proved that herbicide resistance traits can be conferred through 
the travel of pollen between fields. In their study, glyphosate resistance traits in male 
Palmer amaranth plants were conferred to glyphosate susceptible female Palmer 
amaranth plants located 300m away. The ability of Palmer amaranth to wind pollinate 
over long distances allows Palmer amaranth to quickly disperse herbicide resistance 
traits over large areas. This dioecious biology when combined with wind pollination and 
prolific seed producing capability, enables Palmer amaranth and waterhemp to rapidly 
develop resistance to single and multiple sites of herbicide activity. 
Wetzel et al. 1999 has also shown that Palmer amaranth and waterhemp can hybridize 
and confer herbicide resistance traits to their progeny. Frannssen et al. 2001 found 35 
interspecific hybrids were produced from 22,000 seeds. While Wetzel et al. 1999 
observed interspecific hybridization occurring between Palmer amaranth and 
waterhemp, Gaines et al. 2012 reported that of interspecific hybridization among the 
weedy Amaranthus species, Palmer amaranth and Spiny amaranth (Amaranthus 
spinosus) produced much greater number of viable offspring. 
Many populations of Palmer amaranth have been shown to possess herbicide resistance 
(Bagavathiannan et al. 2016). The first confirmed populations of glyphosate resistant 
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Palmer amaranth and waterhemp in the United States were found in Georgia (2005) and 
Missouri (2008), respectively (Culpepper et al. 2006; Legleiter and Bradley 2008). 
Glyphosate resistant Palmer amaranth populations have now been confirmed in 27 
states, including 13 states with populations containing resistance to multiple sites of 
herbicide activity (Heap, 2017). Gaines et al. 2010 reported amplification of the EPSPS 
gene as the mechanism for glyphosate resistance in Palmer amaranth. Glyphosate 
resistant plants contained 5 to 160 times greater copies of the EPSPS gene compared to 
glyphosate susceptible plants. A glyphosate resistant Palmer amaranth population in 
Arkansas required 115 times the labeled rate of glyphosate to achieve 50% control 
(Norsworthy et al. 2008). Vila-Aiub et al. 2014 reported no fitness costs associated with 
amplification of the EPSPS gene conferring glyphosate resistance to Palmer amaranth. 
Plants containing 76 fold greater amplification of EPSPS genes accumulated biomass and 
growth comparable to that of glyphosate susceptible Palmer amaranth populations. 
Palmer amaranth and waterhemp have higher relative growth rates than Redroot and 
Tumble Pigweed (Horak and Loughlin 2000). Palmer amaranth was found to accumulate 
32 to 83% more dry biomass than other Amaranthus species such as tumble pigweed, 
redroot pigweed and waterhemp. Palmer amaranth can exhibit growth up to 5 cm per 
day under optimum growing conditions. Palmer amaranth has the highest germination 
rate of the weedy Amaranthus species and may grow up 45% taller than common 
waterhemp and 600% taller than redroot pigweed (Steckel 2007; Sellers et al. 2003). 
Horak and Loughlin 2000, recorded Palmer amaranth accumulation of 32 to 83% more 
dry biomass than the other Amaranthus species of tumble pigweed, redroot pigweed 
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and waterhemp. Legleiter and Johnson 2013, indicated Palmer amaranth growth of six 
feet during a two month period. 
Among Amaranthus species, Palmer amaranth requires the least amount of time to 
germinate, emerging within five days of planting, whereas, waterhemp may require up 
to two weeks to emerge (Sellers et al. 2003). This competitive advantage over other 
Amaranthus species could allow Palmer amaranth to germinate more rapidly, therefore 
accumulating growth to outcompete crops and other weedy plant species. Two weeks 
after planting Palmer amaranth height was up to 78% greater than all other Amaranthus 
species. Four weeks after planting Palmer amaranth was 600% taller than waterhemp 
(Sellers et al. 2003). 
Palmer Amaranth utilizes a photosynthesis rate 3-4 times greater than corn, cotton and 
soybeans (Ehleringer 1983). This competitive advantage allows Palmer amaranth to 
compete exceptionally well with many major row crop species. The rapid growth rate of 
Palmer amaranth makes herbicide application timing difficult. If herbicides are not 
applied in a timely manner, Palmer amaranth plants may outgrow the desired height 
range for proper post-emergence herbicide application timing more quickly than other 
weed species. Larger plants will be more difficult to control, therefore contributing to 
the development of herbicide resistant populations. 
Jha et al. 2008 have shown the ability of Palmer amaranth to manipulate canopy 
characteristics when growing in competition with a crop. Palmer amaranth when 
shaded by a crop canopy had 42% greater leaf area than non-shaded plants. 
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Manipulation of leaf size to their environment enables Palmer amaranth to maximize 
interception of solar radiation, ultimately increasing competitiveness. Known as 
diaheliotropic, Palmer amaranth has the ability to orient their leaves perpendicular to 
solar radiation. This ability of Palmer amaranth to alter canopy characteristics enables 
the plant to maximize light interception (Ehleringer and Forseth 1980). Diaheliotropic 
plants can intercept up 40% more sunlight than fixed leaf plants. 
Competition from Palmer Amaranth and waterhemp has been shown to negatively 
influence crop yield (Bensch et al 2003). Among the weedy Amaranthus species, Palmer 
amaranth was found to have the highest competitive influence on soybean yield. Palmer 
amaranth at 8 plants/m2 reduced soybean grain yields by 78%, waterhemp by 56%, and 
redroot pigweed by 38%. Palmer amaranth densities between 0.33 and 10 plants/m of 
row resulted in soybean yield reductions of 17 and 68%, respectively (Klingaman and 
Oliver 1994). Palmer amaranth competition not only reduced soybean seed yield but has 
been shown to inhibit crop growth by reducing width of soybean canopy (Klingman and 
Oliver 1994). Palmer amaranth can reduce corn grain yields by as much 91%, 
waterhemp by as much 74% (Massinga et al 2001; Steckel and Sprague 2004). 
Persistent competition of waterhemp with soybean has been shown to negatively 
impact soybean yield in relation to the duration waterhemp is allowed to inhabit 
soybean fields (Hager et al. 2002). . Effective control of common waterhemp two weeks 
after soybean unifoliate leaf expansion resulted in no adverse effects due to 
competition. Delaying removal of waterhemp in soybean until 4 weeks after soybean 
unifoliate expansion resulted in soybean yield loss. Delaying common waterhemp 
7  
removal from soybean 10 weeks after unifoliate leaf expansion resulted in soybean yield 
losses averaging 43% across 3 years. 
According to USDA agricultural census data, approximately 39 million of the 158 million 
cropland hectares in the United States are under no-till production management (USDA- 
ERS 2015). The absence of mechanical tillage in no-till crop production in states such as 
Kentucky allows weed seed to concentrate near the soil surface (Cardina et al. 1991). 
Concentration of weed seed at the soil surface promotes germination for some species 
and competition with agricultural crops. Palmer amaranth seed can retain 9% viability 
after 36 months of burial at 1cm below the soil surface (Sosnoskie et al. 2013). Palmer 
amaranth seeds buried deeper in soil retain greater viability, but may be located below 
the optimal germination zone for Amaranthus species, suggesting that mechanical tillage 
can reduce germination of Palmer amaranth seed by means of seed burial. 
Buhler 1992 found that compared with conventional tillage, conservation tillage 
 
practices such as no-till promoted greater plant densities of several small seeded weedy 
plants, including smooth pigweed. These findings suggest that adoption of conservation 
tillage practices could promote greater Palmer amaranth plant densities. 
The reliance on chemical weed control in the absence of tillage has resulted in the 
selection of herbicide resistant biotypes in many weedy plant species. Successive 
applications of one particular herbicide site of action place selection pressure upon 
weed species. Individual plants possessing the rare ability to circumvent herbicide 
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modes of action may survive successive applications of a single herbicide site of action, 
adding herbicide resistant offspring to the soil seed bank (Norsworthy et al. 2012). 
Meyer et al. 2016 observed lack of adequate Palmer amaranth control 4 weeks after 
treatment from post-emergence applications of dicamba or 2,4-D alone. Whereas, 
applying an additional herbicide site of activity that provided residual activity 
significantly enhanced Palmer amaranth control. 
While many pre-emergent herbicide sites of activity remain viable options for Palmer 
amaranth control in soybean, effective post-emergence herbicide options have become 
increasingly limited due to the spread of herbicide resistant Palmer amaranth 
populations. Miller and Norsworthy 2016 reported herbicide programs utilizing soil 
applied pre-emergence herbicides followed by a foliar applied herbicide application 
achieved up to 90% end of season control of Palmer amaranth. Whereas, herbicide 
programs relying solely on sequential applications of 2,4-D + glyphosate achieved no 
greater than 80% end of season control of Palmer amaranth. Miller and Norsworthy 
2016 also reported sequential foliar applied post-emergence applications not following 
a soil applied herbicide, allowed higher densities of Palmer amaranth plants at soybean 
maturity compared to plots receiving a soil applied pre-emergence followed by a foliar 
applied post-emergence herbicide application. Relying solely on foliar applied post 
applications to control Palmer amaranth is not a recommended weed management 
approach. 
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Of 215 roadside Palmer amaranth populations surveyed from eastern Arkansas, 209 
tested positive for both pyrithiobac and glyphosate resistance (Bagavathiannan et al. 
2017). Globally Palmer amaranth has developed resistance to six sites of herbicide 
activity, aectolactate synthesis inhibitors (ALS), EPSPS synthase inhibitors, 4- 
hydroxyphenylpyruvate dioxygenase inhibitors (HPPD), Microtubule inhibitors, 
Protoporphyrinogen inhibitors (PPO) and Photosystem II inhibitors (Heap 2017). 
Michigan, Kansas and Georgia have Palmer amaranth populations with confirmed 
resistance to three herbicide sites of activity (Kohrt and Sprague 2017; Heap 2017). 
Palmer amaranth populations displaying resistance to both 4-Hydroxyphenylpyruvate 
dioxygenase (HPPD) inhibitors type herbicides and atrazine were discovered in Nebraska 
(Jhala et al. 2014). Problematic for corn production, both HPPD inhibitors and atrazine 
are heavily relied on for control of Palmer amaranth. This resistant population contained 
4-23 fold increased levels of resistance to HPPD inhibitors compared with the 
susceptible population. A 9 to 14 fold increased level of resistance to atrazine was also 
observed. 
Waterhemp populations have been shown to exhibit resistance to PPO Inhibitor 
herbicides in both pre-emergent and post-emergence applications (Shoup et al., 2003; 
Patzoldt et al., 2005; Wuerffel et al., 2015). There are 15 confirmed weedy plant species 
displaying resistance to glyphosate in the United States (Heap 2017). Resistance to PPO 
inhibitors is much less widespread, Palmer amaranth and waterhemp are two of only 
three species with confirmed resistance to PPO inhibiting herbicides (Heap 2017). When 
a few Palmer amaranth plants evolve the ability to withstand PPO inhibitor herbicides, 
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selection for a field wide herbicide resistant Palmer amaranth population can occur in as 
little as 2 years after failure to control initial survivors with repeated herbicide 
applications (Salas et al. 2016). 
When glyphosate resistant Palmer amaranth became widespread in Georgia cotton 
fields, Sosnoskie and Culpepper 2014 indicated the number of cotton acres treated with 
paraquat, glufosinate and soil residual herbicides more than doubled while glyphosate 
applications declined. Proliferation of herbicide resistant Amaranthus populations have 
also shifted reliance on chemical weed control practices toward integrating mechanical 
control efforts in much of the Southeastern United States. A survey of crop consultants 
found that 79% of consultants in Arkansas, Mississippi and Tennessee confirmed crop 
producers are hand-weeding herbicide resistant Palmer amaranth from crop fields. 
Number of hand-weeding events per growing season varied from 1 to 3 depending on 
the density of Palmer amaranth population (Riar et al. 2013). 
Adoption of cover crops for weed suppression has been one proposed method to 
reduce reliance on chemical herbicides for Palmer amaranth control. Cereal rye cover 
crops were effective at reducing the emergence of many winter annual weed species, 
but were not effective at suppressing Palmer amaranth emergence (Rogers et al. 2017). 
Rather intensive herbicide programs combined with narrow soybean row width (19cm) 
was successful at suppressing emergence and competition of Palmer amaranth with 
soybeans. 
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Objectives of this study were to: 1)investigate methods for control of two herbicide- 
resistant populations of Palmer amaranth in Kentucky known to be resistant to EPSPS 
and possibly PPO type herbicides. 2)investigate the relationship of the number of 
herbicide sites of activity relative to the control observed. 
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Materials and Methods 
2016 Field Study 
An experiment was performed on a field site near Barlow, Kentucky located in Ballard 
county containing a mixed population of Palmer amaranth and waterhemp with 
suspected multiple herbicide resistance. Soil type for this location is Granada silt loam 
(10.2% sand, 78.2% silt and 11.6% clay). Soil organic matter content was 1.8% with a soil 
pH of 6.0. This experiment was initiated on May 13 under fallow conditions evaluating 
31 different herbicide treatments plus an untreated check (Table 1). Treatments varied 
in application timing: pre-emergent (PRE), post emergent (POST) and combinations of 
pre-emergent followed by post emergent treatments. The number of herbicide sites of 
activity contained within treatments varied between treatments, ranging from single to 
as many as four different sites of herbicidal activity. Treatments were subdivided into 17 
soil-applied, 8 post-emergence, and 6 pre-emergence followed by post-emergence 
combinations. The experimental design was a randomized complete block with three 
replications and individual plots measuring 3x6 meters. 
Treatments were applied at a width of 1.8 meters, leaving a 1.2 meter buffer between 
plots. All herbicide treatments were applied at 140 l/ha with a compressed CO2 
backpack sprayer using Teejet AIXR 11002 nozzles at 262 kPa. Since an initial emergence 
of Amaranthus plants had occurred by May 13 at time of pre-emergent treatments, 840 
g ai/ha of paraquat at 187 l/ha was applied on Amaranthus spp. that averaged 4 cm in 
height. Foliar applied post emergent treatments were applied June 6 when Amaranthus 
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spp. reached 3 cm in height, whereas, post emergent treatments following an initial pre- 
emergent application were applied June 16. 
Visual evaluations for Amaranthus control on a scale from 0-100% was recorded at 3 
WAT, 5 WAT, 6 WAT and 8 WAT (weeks after trial initiation) which was a primary 
method used in determining treatment efficacy. Plant density and height measurements 
collected 6 WAT were also used to measure effectiveness of treatments. Plant density 
was determined by stretching a tape measure the length of each plot, and dropping 1m2 
quadrats at 1.5, 3 and 4.5 meters along the tape. The number of plants inside each 
quadrat were counted. To collect Amaranth plant height measurements, six plants were 
chosen at random within each plot. Plant height was measured from the base of plant at 
soil level to the highest point of each individual plant. 
Prior to statistical analysis, treatments were subdivided into groups based on their 
application timing. Untreated check plots were not included in statistical analysis for 
visual control evaluations, but were included with plot density and plant height 
measurements. Data was checked for normality before analysis of means separation 
using Fisher’s protected least significant difference (LSD) at p<0.05 in PROC GLIMMIX 
functions of SAS Version 9.4. A square root transformation was applied to the 2016 
visual rating data before analysis to correct for violations of normality among the 
dataset. No transformations were applied to plant density counts or plant height 
measurements. 
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2017 Field Study 
 
Two locations, one near Barlow, Kentucky in Ballard county and one near Paris, 
Kentucky in Bourbon county were used for field trials during 2017 investigating control 
programs for herbicide resistant Palmer amaranth. The location near Barlow, Kentucky 
was the same site used for the 2016 field study. Soil texture for the Paris experiment 
site was a Maury silt loam 21.8% sand, 70.1% silt and 8.1% clay. Soil organic matter 
content was 2.6% with a pH of 6.8. Trials were performed on a fallow field setting to 
allow for comparison of herbicides which can be used on a variety of different herbicide 
tolerant crop traits. The 2017 experiment contained the most effective herbicide 
treatments observed from the 2016 trials. Treatments comprised of five pre-emergent 
(PRE) herbicides alone and followed by one of five different post-emergent (POST) 
herbicide treatments or no POST application to evaluate season-long control provided 
by the PRE soil residuals (Table 2). Treatments were arranged in a factorial experimental 
design using four replications in Paris and three replications at the Barlow experiment 
site. Individual plot sizes for the Paris experiment site measured 3x9m and plots at the 
Barlow experiment site measured 3x7m. 
The Paris site was conducted under a no-tillage production management system. At the 
time of field study initiation, winter annual weeds and Palmer amaranth was present 
measuring approximately 2-5 cm tall. Therefore, the entire field area was treated with 
paraquat at 840 g ai/ha to burn-down existing vegetation before initiation of pre- 
emergent treatments. The experiment at the Barlow site was conducted following 
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preseason tillage. Due to the presence of mechanical tillage used to terminate the 
winter wheat cover crop, no existing vegetation or Palmer amaranth was present at 
time of trial initiation, therefore, no paraquat application was needed. 
All plots received a soil-applied residual (PRE) herbicide treatment (Table 2). Soil applied 
pre-emergent treatments included premixes of sulfentrazone + S-metolachlor(196 + 
1,771 g ai/ha), metribuzin + S-metolachlor (527 + 2208 g ai/ha), flumioxazin + 
pyroxasulfone + chlorimuron (77 + 99 + 21 g ai/ha), S-metolachlor + metribuzin + 
fomesafen (2128 + 470 + 426 g ai/ha) or flumioxazin + chlorimuron + metribuzin (81 + 25 
+ 280 g ai/ha). PRE treatments were followed by foliar applied post emergence 
treatments consisting of glufosinate (650 g ai/ha), glufosinate + acetochlor (650 +1817 g 
ai/ha), dicamba + glyphosate (560 + 1120 g ai/ha), 2,4-D + glyphosate(1020 + 1130 g 
ai/ha), fomesafen + S-metolachlor (370 + 1670) or an untreated POST (Table 2). All pre- 
emergent applications were applied on May 8 at the Paris experiment site using a 
compressed CO2 powered sprayer mounted on an ATV using Teejet TTI 11003 nozzles at 
276 kPa. Pre-emergent treatments were applied May 9 at the Barlow experiment site 
using a compressed CO2 powered backpack sprayer at 140 l/ha using Teejet TTI 11002 
nozzles. All foliar applied POST treatments were applied June 21 at the Barlow 
experiment site when Palmer amaranth reached 8 cm in height. Due to varying 
effectiveness of Palmer amaranth suppression between soil-applied treatments, foliar 
applied POST treatments at the Paris experiment site were staggered to target optimum 
weed size. Foliar-applied POST treatments were applied June 8 following sulfentrazone 
+ S-metolachlor, on June 15 following metribuzin + S-metolachlor and chlorimruon + 
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flumioxazin + metribuzin, and on June 22 foliar-applied POST treatments following 
chlorimuron + flumioxazin + pyroxasulfone or S-metolachlor + metribuzin + fomesafen. 
All POST treatments were applied with a compressed CO2 powered backpack sprayer at 
140 l/ha using Teejet TTI 11002 nozzles at 276 kPa. 
Visual control evaluations on a scale from 0 to 100% were collected on four occasions 
from each experimental site. Palmer amaranth density measurements were collected on 
two occasions from each site, before and after POST treatments using a line transect 
method. Biomass samples were collected at Barlow (July 11) and Paris (July 18) using 
1m2 quadrats. Quadrats were dropped 3 meters from edge of each plot. All plants inside 
quadrats were cut at ground level and placed inside paper bags. Bags containing plant 
samples were placed in a dryer for five days before weight of dry plant material were 
recorded. 
Ten plant tissue samples of Palmer amaranth were randomly collected from both 
experiment sites and sent to the University of Illinois E R Madigan Laboratory for DNA 
screening for herbicide resistance (Table 3). Eighty-seven percent of plants from the 
Barlow experiment site contained Protoporphyrinogen Oxidase (PPO) resistance, 
whereas, no Protoporphyrinogen Oxidase (PPO) resistance was detected from the Paris 
population. EPSPS synthase resistance was detected from both experiment sites, 77% 
from Barlow and 100% from Paris. Acetolactate synthase (ALS) resistance was detected 
from Barlow and Paris at 16 and 30%, respectively. No target site atrazine resistance 
was detected with DNA screening, although some form of resistance to atrazine was 
highly suspected based on poor control of Palmer amaranth at both experiment sites in 
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separate field plots containing atrazine applied at 1680 g ai/ha(data not shown). The 
potential for metabolic resistance to atrazine remains a possibility and needs further 
investigation. 
Data analysis of means separation using Fisher’s protected least significant difference 
(LSD) at p<0.05 was performed using PROC GLM functions of SAS Version 9.4. The 
assumptions of normality in the 2017 experiment data were not violated, therefore 
visual evaluation data were not transformed prior to statistical analysis. Plant density 
counts and biomass weight data were not transformed. Due to significant interactions 
with experimental sites for later visual ratings and biomass determinations, data from 
each experiment site were analyzed separately. However, no interaction between 
experiment sites was detected for visual rating data 4 WAT and 6 WAT of pre-emergent 
herbicide treatments prior to POST applications, therefore data was also pooled across 
both trial sites. 
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Results 
 
2016 Field Study Results 
 
The experimental site in Barlow, Kentucky contained a mixed population of Palmer 
amaranth and Waterhemp, estimated to be 90% Palmer amaranth and 10% 
Waterhemp. Resistance to acetolactate synthase (ALS) inhibitors (group 2), EPSPS 
Synthase Inhibitor (group 9) and Protoporphyrinogen Oxidase inhibitors (group 14) was 
suspected in this population. Plant tissue collected from this site in 2015 were sent to 
the University of Illinois for genetic analysis to determine potential of resistance to 
Protoporphyrinogen Oxidase (PPO inhibitor) resistance. Three out of ten Palmer 
amaranth plants and ten out of ten Waterhemp plants displayed resistance to PPO 
inhibitor herbicide site of action (J.R. Martin, Personal Communication 2015). 
Among the soil-applied pre-emergent herbicides with a single site of herbicide activity, 
pyroxasulfone, fomesafen and S-metolachlor achieved the most effective visual control 
of this mixed population of Amaranthus across rating dates (Table 4). Within the long- 
chain fatty acid inhibitors (Group 15) herbicides in this study, soil-applied pyroxasulfone 
provided 80% control 5 WAT which was greater control than S-metolachlor or 
acetochlor. Pyroxasulfone also provided greater control than the photosystem II (Group 
5) herbicides atrazine and metribuzin at 3,5 and 6 WAT. 
 
Flumioxazin alone provided 85% control initially 3 WAT, which was equivalent to 
fomesafen, S-metolachlor and pyroxasulfone, however the subsequent rating dates 5 
and 6 WAT show lack of effective residual control (Table 4). Within the PPO inhibitor 
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(Group 14) herbicides in this study, soil-applied fomesafen provided greater control than 
flumioxazin 5 WAT. Atrazine and metribuzin alone provided less effective control than 
fomesafen at 3 WAT and 5 WAT. 
Soil-applied herbicide treatments containing 2 or more sites of herbicide activity 
achieved >70% control 3 WAT (Table 4). Four treatments containing both a PPO inhibitor 
(Group 14) and a long chain fatty acid inhibitor (Group 15) herbicide provided greater 
than 93% control at 3 WAT. The addition of pyroxasulfone to flumioxazin not only 
improved the initial efficacy at 3 WAT (98%), but also provided effective residual control 
of 80% 5 WAT and 57% 6 WAT. S-metolachlor + metribuzin containing a long chain fatty 
acid inhibitor (Group 15) with a photosystem II inhibitor (Group 5) herbicide was less 
effective at providing effective control of this population by 5 WAT. By 8 WAT less than 
35% control was observed with all PRE treatments. 
Soil-applied herbicide treatments containing 3-way mixtures of herbicide site of action 
groups achieved the highest levels of control across rating dates. Fomesafen + 
metribuzin + S-metolachlor and chlorimuron + flumioxazin + pyroxasulfone provided 
>97% control at 3 WAT and >77% control at 5 WAT which was equivalent to control 
observed with chlorimuron + flumioxazin + metribuzin, but these pre-mixtures provided 
greater control than the chlorimuron + flumioxazin + metribuzin pre-mixture at 6 WAT. 
Foliar applied post-emergence treatments without a soil applied PRE provided effective 
control of this Amaranthus population 5 WAT (10 days after POST application), with the 
exception of glyphosate (Table 5). Glyphosate applied POST failed to provide adequate 
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control (<33%) of Palmer amaranth at 5 and 6 WAT (10 and 18 days after application) 
which was expected relative to the genetic analysis for herbicide resistance within this 
population. All other foliar treatments achieved >80% control of Palmer amaranth 5 
WAT. Fomesafen achieving 83% control of Palmer amaranth 5 WAT was not statistically 
different than other foliar treatments achieving 100% control. However, this may be an 
indication that this population may still be segregating for resistance to PPO inhibitor 
herbicides. Dicamba or 2,4-D alone, or in pre-mix formulation with glyphosate, provided 
67 to 78% 6 WAT control of this mixed Amaranthus population (Table 5). The lack of 
residual soil activity associated with these foliar post-emergence treatments likely led to 
the sharp decline in efficacy of control observed 6 WAT. No treatment achieved >78% 
control at this evaluation time (Table 5). 
Treatments containing a soil-applied PRE followed by a foliar-applied post-emergent 
herbicide were most effective at supplying season-long control of this mixed population 
of Amaranthus (Table 6). Effective soil-applied PRE herbicides before POST treatments 
were applied included S-metolachlor + metribuzin, fomesafen + metribuzin + S- 
metolachlor or chlorimuron + flumioxazin + pyroxasulfone. No statistical separation 
between treatments was observed both 3 and 5 WAT before POST applications. 
Treatments containing a soil applied pre-emergent herbicide followed by glufosinate + 
acetochlor provided 98% control of Palmer amaranth 6 WAT (Table 6). Foliar-applied 
herbicides following soil residuals containing glufosinate + acetochlor did not provide a 
statistically greater control of Palmer amaranth compared to foliar treatments 
containing only acetochlor (Table 6). PRE/POST combination treatments containing S- 
21  
metolachlor + metribuzin followed by either S-metolachlor + fomesafen or acetochlor + 
fomesafen failed to provide effective season-long control (<33% control at 8 WAT). 
Combinations of either S-metolachlor + metribuzin or fomesafen + metribuzin + S- 
metolachlor applied PRE followed by POST application of glufosinate + acetochlor 
provided 98% 6 WAT control (Table 6). 
Soil-applied chlorimuron + flumioxazin + pyroxasulfone achieved the greatest reduction 
in Amaranthus plant density at 38 plants/m2 compared to the untreated check but was 
not statistically different than other soil-applied herbicide treatments (Table 4). All soil- 
applied herbicide treatments resulted in reduced Amaranthus plant density. 
Amaranthus plant densities resulting from foliar-applied POST treatments did not differ 
from the untreated check (Table 5). With the PRE followed by POST treatments 
Amaranthus density was reduced to <50 plants/m2 except for treatments containing S- 
metolachlor + metribuzin followed by S-metolachlor + fomesafen or acetochlor + 
fomesafen (Table 6). 
Among the soil-applied herbicides containing a single site of herbicide activity, no 
treatment reduced Amaranthus plant height compared to the untreated check (Table 4). 
Among the soil-applied herbicide treatments containing two sites of herbicide activity, 
sulfentrazone + S-metolachlor and acetochlor + fomesafen provided the most effective 
reduction in Amaranthus plant height. Among the soil-applied herbicides containing 
three sites of herbicide activity chlorimruon + flumioxazin + pyroxasulfone achieved the 
most effective reduction in Amaranthus plant height. 
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All foliar applied POST treatments reduced Amaranthus plant height compared to the 
untreated control (Table 5). However, treatments containing only glyphosate or 
fomesafen plant height was 21 and 15 cm, respectively which was approximately 50% of 
the untreated control plots (Table 5). Treatments combining a PRE followed by POST 
herbicide application, S-metolachlor + metribuzin followed by glufosinate + acetochlor 
and fomesafen + metribuzin + S-metolachlor followed by glufosinate + acetochlor 
provided the greatest reduction in Amaranthus plant height (Table 6). 
All soil residual treatments applied PRE only averaged 29% control 6 WAT, while post- 
emergence only treatments averaged 62% control. Combination PRE/POST treatments 
achieved an average of 77% visual control 6 WAT. Soil applied pre-emergent treatments 
containing pyroxasulfone were found to be most effective on this population. Kohrt and 
Sprague 2017 reported similar results. While some PRE only and POST alone herbicide 
treatments provided control of Palmer amaranth for portions of the growing season, it 
was PRE followed by POST herbicide treatments combinations that achieved the most 
successful season-long control of this mixed Amaranthus population. 
Increasing from single to multiple sites of herbicide activity resulted in significant 
increases in effective control of Palmer amaranth(p<.0001) (Table 7). Soil applied pre- 
emergent treatments were most effective when containing multiple sites of herbicide 
activity. Treatments containing a soil applied PRE followed by a foliar applied post- 
emergent herbicide application totaling four sites of herbicide activity achieved an 
average of 98% control, while treatments containing three sites of herbicide activity 
achieved an average of 64% control. Treatments with only one or two sites of herbicide 
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activity resulted in an average control of 33 and 45% control, respectively (Table 7). All 
comparisons between number of herbicide sites of activity contained within treatments 
were found to be significant with the exception of 1-2 sites of herbicide activity 
(Table 8). Comparisons between 1-3 and 1-4 were found to be highly significant 
(p< .0001). 
Both Amaranth density and height measurements reaffirmed the visual control data. 
The number of herbicide sites of activity contained in treatment had a highly significant 
relationship with Palmer amaranth/waterhemp plant density, increasing from single to 
multiple sites of herbicide activity resulted in a decrease in plant density and 
Amaranthus plant height (Table 7). 
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2017 Field Study Results 
 
Visual control ratings for all individual PRE followed by POST treatments contained in 
field trials can be viewed in Appendix A(Barlow) and Appendix B(Paris). At the Barlow 
experiment site analysis of data collected 4 WAT and 6 WAT with pre-emergent 
herbicides applied prior to POST application indicated a highly significant difference 
between soil-applied treatments (p<.0001)(Table 9). Herbicides containing chlorimuron 
+ flumioxazin + pyroxasulfone or fomesafen + metribuzin + S-metolachlor achieved 
 
>90% control of Palmer amaranth 4 WAT which was greater than treatments containing 
sulfentrazone + S-metolachlor or chlorimuron + flumioxazin + metribuzin. Control with 
metribuzin + S-metolachlor was similar to sulfentrazone + S-metolachlor. A pre-mixture 
of chlorimuron +flumioxazin + pyroxasulfone achieved the most effective control of 
Palmer amaranth 6 WAT, averaging 84% control, but was not different from fomesafen 
+ metribuzin + S-metolachlor averaging 76% control of Palmer amaranth. Metribuzin + 
S-metolachlor averaging 71% control, was less effective than chlorimuron + flumioxazin 
+ pyroxasulfone, but provided greater suppression of Palmer amaranth than 
sulfentrazone + S-metolachlor and flumioxazin + chlorimuron + metribuzin. 
At the Paris experiment site soil applied chlorimuron + flumioxazin + pyroxasulfone was 
the most effective pre-emergent treatment averaging 95% control of Palmer amaranth 
4 WAT, but was not statistically different than fomesafen + metribuzin + S-metolachlor 
achieving 90% control (Table 9). Treatments consisting of metribuzin + S-metolachlor or 
flumioxazin + chlorimuron + metribuzin were less effective, achieving 80% control of 
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Palmer amaranth. Treatments consisting of sulfentrazone + S-metolachlor were found 
to be the least effective soil applied pre-emergent treatment achieving <60% control 4 
WAT. Visual ratings recorded 6 WAT observed the same trend of treatments containing 
chlorimuron + flumioxazin + pyroxasulfone and fomesafen + metribuzin + S-metolachlor 
achieving the greatest control of Palmer amaranth (>80%). 
 
When data was pooled across both trial sites soil-applied treatments containing 
chlorimuron + flumioxazin + pyroxasulfone and fomesafen + metribuzin + S-metolachlor 
achieved the greatest suppression of Palmer amaranth emergence 4 WAT and 6 WAT. 
Soil-applied sulfentrazone + S-metolachlor provided the least effective suppression of 
Palmer amaranth emergence within 4 WAT across both trial sites (Table 9). 
At Barlow 6 WAT, PRE treatments prior to POST applications with flumioxazin + 
pyroxasulfone + chlorimuron suppressed Palmer amaranth population the greatest, 
allowing only 15 plants per 10m2 on average, but was not statistically different than 
Palmer amaranth suppression provided by treatments containing S-metolachlor + 
metribuzin + fomesafen (Table 10). Treatments containing metribuzin + S-metolachlor, 
flumioxazin + chlorimuron + metribuzin and sulfentrazone + S-metolachlor contained 30 
to 47 plants per 10m2. Palmer amaranth densities were not measured prior to POST 
applications at Paris. 
PRE treatments without POST applications continued to be evaluated at 7 WAT and 
beyond to determine effectiveness later into the season. At the Barlow site, soil-applied 
chlorimuron + flumioxazin + pyroxasulfone followed by no POST herbicide application 
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maintained 70% control of Palmer amaranth 7 WAT and 63% control at 9 WAT but did 
not differ from other PRE treatments (Table 11). All other soil-applied herbicide 
treatments failed to provide >60% control. At the Paris experiment site, soil-applied 
herbicide treatments containing chlorimuron + flumioxazin + pyroxasulfone or 
fomesafen + metribuzin + S-metolachlor followed by no POST application maintained 
>75% control 7 WAT. At 11 WAT all treatments failed to provide 50% control. Lack of full 
season control of Palmer amaranth in the absence of foliar applied post-emergence 
herbicide applications at both experimental sites, highlights the need for a PRE followed 
by an effective POST herbicide treatment approach to achieve season-long control of 
Palmer amaranth. 
Statistical analysis of visual evaluations taken after POST treatments indicated no 
interaction between PRE and POST applications. Therefore, data was pooled across PRE 
treatments at both locations. At the Barlow experiment site, glufosinate treatments 
evaluated 7 WAT or 9 DAP(days after POST), with or without acetochlor achieved the 
most effective control of this Amaranthus population, averaging >90% control (Table 
12). Fomesafen + S-metolachlor, glyphosate + 2,4-D and dicamba + glyphosate provided 
less than optimal control 7 WAT, averaging 64%, 67% and 78% control, respectively. 
POST application of dicamba + glyphosate provided the greatest percent control 9 WAT 
(21 Days After POST) averaging 89% control of Amaranthus, but was not statistically 
greater than control provided by glufosinate, glufosinate + acetochlor and glyphosate + 
2,4-D all of which achieved >70% control (Table 12). In the case of fomesafen + S- 
metolachlor, lack of adequate control was observed at 7 and 9 WAT. Results from this 
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treatment may be explained by the known presence of PPO inhibitor resistance in this 
Amaranthus population at Barlow (Table 3). 
No significant differences were observed at the Paris experiment site among foliar post- 
emergence herbicide treatments 7 WAT, but all provided greater control than the 
untreated POST application (Table 13). Visual ratings ranged between 64-74% control of 
Palmer amaranth. Eleven weeks after trial initiation, treatments containing dicamba + 
glyphosate or 2,4-D + glyphosate achieved the greatest control of Palmer amaranth but 
had declined to <50% visual control (Table 13). 
Palmer amaranth plant density at Barlow 9 WAT was reduced by POST herbicide 
treatments compared to the untreated control except with fomesafen + S-metolachlor 
(Table 14). POST treatments containing glyphosate + dicamba achieved the most 
effective suppression of Palmer amaranth densities, allowing 1 plant per 10m2 but did 
not differ from other POST treatments except fomesafen + S-metolachlor (5 plants per 
10m2). 
Palmer amaranth density counts 7 WAT at the Paris experiment site found no difference 
among POST herbicide treatments but these all had fewer plants than the untreated 
(Table 15). At 10 WAT foliar POST treatments containing either S-metolachlor + 
fomesafen or glyphosate + 2,4-D provided the greatest reduction in Palmer amaranth 
density. No significant differences were observed between all other POST treatments, 
including the untreated POST treatments. 
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A significant statistical interaction between PRE and POST applications was found for 
biomass weight at both Barlow and Paris. Therefore, biomass was analyzed for 
differences in POST treatments for each individual PRE application. Palmer amaranth 
biomass samples collected from the Barlow experiment site 10 WAT found soil-applied 
herbicide treatments containing chlorimuron + flumioxazin + pyroxasulfone achieved 
the greatest and most consistent suppression of Palmer amaranth (Table 16). Although 
lacking statistical separation between many treatments, the consistent lack of Palmer 
amaranth plants to collect from these plots indicates a trend of satisfactory Palmer 
amaranth suppression resulting from herbicide treatments using soil-applied 
chlorimuron + flumioxain + pyroxasulfone followed by a foliar-applied post emergence 
herbicide application. 
Palmer amaranth biomass samples collected from the Paris experiment site 10 WAT 
recorded larger overall plant biomass weight, but observed little statistical separation 
between treatments (Table 17). Two of the more effective treatments consist of soil- 
applied treatments containing chlorimuron + flumioxazin + pyroxasulfone followed by 
2,4-D + glyphosate or dicamba + glyphosate. 
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Summary and Conclusions 
 
The Barlow Palmer amaranth population appears to contain plants resistant to at least 
three sites of herbicide activity, EPSPS, ALS and PPO (Table 3). Resistance to ALS 
inhibitors and EPSPS synthase inhibitors has also been confirmed with genetic analysis in 
the Paris population. Lack of effective control from soil applied atrazine (1-chloro-3- 
ethylamino-5-isopropylamino-2,4,6-triazine) was observed in the 2016 field trial, where 
soil-applied atrazine averaged 23% and 7% suppression of Palmer amaranth emergence, 
5 WAT and 8 WAT respectively. Across both trial sites in 2017, 4 WAT and 6 WAT 
atrazine averaged 57% and 28% suppression of Palmer amaranth emergence, 
respectively (Appendix C). However, genetic lab analysis indicates that poor control in 
the field was not due to target site resistance (Table 3). Further investigation is needed 
to determine whether these two Amaranthus populations contain metabolic resistance 
to atrazine. Nakka et al. 2017 discovered metabolic resistance to atrazine in Palmer 
amaranth populations in Kansas. Resistant populations conjugated atrazine at least 24 
times faster than the susceptible populations. The possibility for metabolic resistance to 
be the mechanism of resistance to atrazine in these two Kentucky populations remains a 
possibility to explain the lack of control seen in these field trials. 
Data collected across all three trial years showed flumioxazin + pyroxasulfone + 
chlorimuron and S-metolachlor + metribuzin + fomesafen, both containing a PPO 
inhibitor herbicide and a long chain fatty acid inhibitor herbicide were the most 
effective soil applied pre-emergent treatments. Across both trial sites in 2017 pre- 
emergent herbicide treatments containing flumioxazin + pyroxasulfone + chlorimuron or 
30  
S-metolachlor + metribuzin + fomesafen achieved the greatest suppression of Palmer 
amaranth growth 4 and 6 weeks after application (Table 9). Four weeks after application 
both treatments achieved >90% control of Palmer amaranth. Tideman et al. 2014 
observed additive effects when combining group 14 PPO inhibitors and group 15 Long 
chain fatty-acid inhibitors to increase efficacy of control of Palmer amaranth. These 
results also suggest herbicide programs targeting Palmer amaranth should include soil- 
applied herbicides containing both a PPO inhibitor and long chain fatty acid inhibitor 
herbicide to achieve maximum suppression of early season Palmer amaranth. 
The 2017 field trials show pre-emergent treatments containing three sites of herbicide 
activity achieved greater control of Palmer amaranth than treatments containing only 
two sites of activity. A reduction of Palmer amaranth plant population associated with 
herbicide treatments containing two or three sites of activity compared with treatments 
containing fewer was also observed in 2016 (Table 7). Measurement of plant height 
indicated that treatments with three and four sites of herbicide activity were superior to 
treatments with only one site of activity. Observations in 2017 are similar to data 
collected from 2016 field trials showing increased efficacy of Palmer amaranth control 
when applying additional herbicide sites of activity. To reduce the selection pressure on 
herbicide sites of action providing only post-emergence control of Palmer amaranth, 
Norsworthy et al. 2012 recommend adding an additional herbicide site of action to foliar 
applied post-emergence applications. Increased efficacy of Palmer amaranth control 
when post emergence herbicide treatments contained two herbicide sites of activity 
compared to treatments containing only one site of activity was observed in the 2016 
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field trials. S-metolachlor + metribuzin + fomesafen followed by acetochlor achieved 
77% control eight days after post emergence application and 53% control twenty-two 
days after POST application. Whereas, the addition of glufosinate + acetochlor following 
S-metolachlor + metribuzin + fomesafen increased the efficacy of Palmer amaranth 
control to 98% eight days after POST application and 80% twenty-two days after POST 
application. 
Meyer et al. 2016 found herbicide programs utilizing soil applied pre-emergent 
applications followed by an early post emergent herbicide application achieved >94% 
control of Palmer amaranth and waterhemp. Herbicide programs utilizing soil applied 
pre-emergent herbicides followed by post emergent applications 6 to 7 weeks later, 
failed to provide adequate control of Palmer amaranth and waterhemp. Late post 
applications allow for greater weed growth and development, resulting in reduced 
efficacy when compared to early post applications. Kohrt and Sprague 2017 report weed 
management programs targeting herbicide resistant Palmer amaranth were most 
successful when soil-applied PRE’s followed by POST herbicides were used containing at 
least two sites of herbicide activity. The inclusion of a POST herbicide providing residual 
activity can aid in achieving season long control of Palmer amaranth. Results from these 
field trials further suggest weed control programs targeting Palmer amaranth should 
include soil applied pre-emergent applications containing multiple sites of herbicide 
activity followed by a timely foliar post emergence application. 
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Table 1. Field Trial Treatment List Barlow, KY 2016 
 
 
Trade Name Active Ingredient Rate g ai/ha Timing Manufacturer 
AAtrex atrazine 1680 PRE Syngenta 
Metribuzin metribuzin 426 PRE Dupont 
Flexstar fomesafen 392 PRE Syngenta 
Valor SX flumioxazin 90 PRE Valent 
Dual II Magnum S-metolachlor 1792 PRE Syngenta 
Warrant acetochlor 1871 PRE Monsanto 
Zidua pyroxasulfone 178 PRE BASF 
Boundary metribuzin + S-metolachlor 527 + 2208 PRE Syngenta 
Authority MTZ Sulfentrazone + metribuzin 224 + 336 PRE FMC 
Authority XL sulfentrazone + chlorimuron 325 + 40 PRE FMC 
Broadaxe XC sulfentrazone + s-metolachlor 196 + 1771 PRE BASF 
Fierce flumioxazin + pyroxasulfone 87 + 112 PRE Valent 
Prefix fomesafen + s-metolachlor 370 + 1670 PRE Syngenta 
Warrant Ultra acetochlor + fomesafen 1603 + 359 PRE Monsanto 
Trivence chlorimuron + flumioxazin + metribuzin 25 + 81 + 280 PRE DuPont 
 
Intimidator metribuzin + s-metolachlor + fomesafen 
 
470 + 2128 + 426 
 
PRE 
 
Loveland 
 
Fierce XLT 
 
flumioxazin + pyroxasulfone + chlorimuron 
 
77 + 99 + 21 
 
PRE 
 
Valent 
Clarity dicamba 560 POST BASF 
2,4-D Low Vol 4 2,4-D 1120 POST Loveland 
Enlist Duo 2,4-D + glyphsoate 1022 + 1130 POST Dow 
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Table 1. Continued 
 
 
Roundup 2 Xtend 
 
dicamba + glyphosate 
 
560 + 1120 
 
POST 
 
Monsanto 
Callisto mesotrione 105 POST Syngenta 
Boundary 
Prefix 
metribuzin + S-metolachlor 
fomesafen + s-metolachlor 
2206 + 526 
370 + 1670 
PRE 
POST 
POST 
Syngenta 
Syngenta 
Boundary 
Warrant Ultra 
metribuzin + S-metolachlor acetochlor + 
fomesafen 
2206 + 526 
1603 + 359 
PRE 
POST 
POST 
Syngenta 
Monsanto 
Boundary 
Liberty 
Warrant 
metribuzin + S-metolachlor glufosinate 
acetochlor 2206 + 526 
650 
1817 
PRE 
POST 
POST 
Syngenta 
Bayer CropScience 
Monsanto 
 
Intimidator 
Warrant 
 
metribuzin + s-metolachlor + fomesafen 
acetochlor 
 
470 + 2128 + 426 
1817 
 
PRE 
POST 
 
Loveland 
Monsanto 
 
Intimidator 
Liberty 
Warrant 
 
metribuzin + s-metolachlor + fomesafen 
glufosinate 
acetochlor 
 
470 + 2128 + 426 
650 
1817 
 
PRE 
POST 
POST 
 
Loveland 
Bayer CropScience 
Monsanto 
 
Fierce XLT 
Prefix 
 
flumioxazin + pyroxasulfone + chlorimuron 
fomesafen + s-metolachlor 
 
77 + 99 + 21 
370 + 1670 
 
PRE 
POST 
 
Valent 
Syngenta 
  Untreated Check  
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Table 2. Field Trial Treatment List Barlow and Paris, KY 2017 
 
 
  Pre-Emergent Herbicide Treatments  
Trade Name Active Ingredient Rate g ai/ha Manufacturer 
Boundary metribuzin + S-metolachlor 527 + 2208 Syngenta 
Broadaxe XC sulfentrazone + S-metolachlor 196 + 1771 Syngenta 
Fierce XLT chlorimuron + flumioxazin + pyroxasulfone 21 + 77 + 99 Valent 
Intimidator fomesafen + metribuzin + S-metolachlor 426 + 470 + 2128 Loveland 
Trivence chlorimuron + flumioxazin + metribuzin 25 + 81 + 280 DuPont 
  Post Emergent Herbicide Treatments  
Trade Name Active Ingredient Rate g ai/ha Manufacturer 
Enlist Duo 2,4-D + glyphosate 1022 +1120 Dow Agrosciences 
XtendiMAX + Roundup PowerMAX dicamba + glyphosate 560 + 1130 Monsanto 
Liberty glufosinate 650 Bayer CropScience 
Liberty + Warrant glufosinate + acetochlor 650 + 1817 Bayer + Monsanto 
Prefix fomesafen + s-metolachlor 370 + 1670 Syngenta 
Untreated - - - 
 
 
 
Table 3. 2017 Genetic Analysis to determine Herbicide Resistance Levels in Palmer 
Amaranth Populations at Barlow and Paris KY 20171 
 
Barlow 
Herbicide Group Sensitive Resistant % Resistant 
ALS 5 1 16% 
Atrazine 9 0 0% 
PPO 1 7 87% 
EPSPS 2 7 77% 
 
Paris 
Herbicide Group Sensitive Resistant % Resistant 
ALS 7 3 30% 
Atrazine 10 0 0% 
PPO 10 0 0% 
EPSPS 0 9 100% 
1Plant tissue analysis conducted by University of Illinois ER Madison Laboratory 
for DNA screening for herbicide resistance. 
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metribuzin 
 
 
 
 
 
 
1 SOA = herbicide site of action group as recognized by Weed Science Society of America (Shaner et al. 2014) 
2Abbreviation: WAT, weeks after trial initiation 
3Plant density and height measurements taken 6 WAT 
Table 4. Effectiveness Ratings for Pre-Emergent Control of Amaranthus Barlow, KY 2016. 
Amaranthus Control2 
Active Ingredient SOA Group1 Rate g ai/ha Timing 3 WAT 5 WAT 6 WAT 8 WAT Density
3 Height3 
    ----------------------(%)----------------------- (#pl/m2) ---(cm)--- 
Atrazine 5 1680 PRE 60c 23ef 7gh 7 158ab 31efg 
Metribuzin 5 426 PRE 60c 27ef 3h 17 209b 37g 
Fomesafen 14 392 PRE 90ab 70abc 23d-h 3 134ab 23b-f 
Flumioxazin 14 90 PRE 85abc 40de 10fgh 23 113ab 32efg 
S-metolachlor 15 1792 PRE 93ab 57cd 17e-h 23 141ab 28c-g 
Acetochlor 15 1817 PRE 30d 7f 0h 0 172ab 35fg 
Pyroxasulfone 15 178 PRE 98ab 80ab 43a-d 13 84ab 19a-d 
S-metolachlor + metribuzin 15 + 5 2208 + 527 PRE 73bc 60bcd 40a-e 20 127ab 23c-f 
sulfentrazone + metribuzin 14 + 5 224 + 336 PRE 82abc 40de 13fgh 33 147ab 29d-g 
sulfentrazone + chlorimuron 14 + 2 325 + 40 PRE 97ab 70abc 30c-g 33 78ab 25b-g 
sulfentrazone + S-metolachlor 14 + 15 196 + 1770 PRE 98ab 70abc 43a-d 27 102ab 14ab 
flumioxazin +pyroxasulfone 14 + 15 71 + 86 PRE 98ab 80ab 57ab 27 73ab 16abc 
S-metolachlor +fomesafen 15 + 14 370 + 1700 PRE 93ab 63bc 20d-h 0 128ab 28c-g 
acetochlor + fomesafen 15 + 14 1602 + 358 PRE 98ab 87a 43a-d 20 73ab 13ab 
chloriumuron + flumioxazin + 
2 + 14 + 5
 25 + 81 + 280 PRE 100a 77abc 33b-f 3 96ab 22a-e 
S-metolachlor  + metribuzin + 
15 + 5 + 14
 
2128 + 470 + 426 PRE 97ab 77abc 53abc 10 105ab 22a-e 
fomesafen 
chloriumuron + flumioxazin + 
pyroxasulfane 
 
2 + 14 + 15 
 
21 + 77 + 99 
 
PRE 
 
98ab 
 
87a 
 
60a 
 
30 
 
38a 
 
10a 
Untreated Check - - PRE 0 0 0 0 241c 33efg 
P-value    <.0001 <.0001 <.0001 0.7373 0.0276 <.0001 
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Table 5. Effectiveness Ratings for Post-Emergent Control of Amaranthus Barlow, KY 2016. 
 
 
 
 
 
 
 
 
- 
 
 
 
 
 
 
 
 
 
 
 
1 SOA = herbicide site of action group as recognized by Weed Science Society of America (Shaner et al. 2014) 
2Abbreviation: WAT, weeks after trial initiation 
3Plant density and height measurements taken 6 WAT 
Amaranthus Control2 
Active Ingredient SOA Group1 Rate g ai/ha Timing 5 WAT 6 WAT 8 WAT Density
3 Height3 
----------------(%)---------------- (#pl/m2) 
---(cm)--
 
glyphosate 9 1260 POST 33b 20b 27a 87a 21c 
fomesafen 14 64 POST 83a 57a 17a 90a 15bc 
glufosinate 10 650 POST 100a 60a 97a 61a 9ab 
dicamba 4 560 POST 100a 70a 33.3a 33a 11ab 
2,4-D 4 1120 POST 100a 75a 40a 50a 5a 
2,4-D + glyphosate 4 + 9 1130 + 1022 POST 100a 67a 80a 44a 7a 
dicamba + glyphosate 4 + 9 2240 + 1120 POST 100a 78a 90a 51a 9ab 
mesotrione 27 17 POST 100a 72a 27a 43a 6a 
Untreated Check - - POST 0 0 0 241a 33d 
P-value    0.0003 0.0144 0.2500 0.2888 <.0001 
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Table 6. Effectiveness of Pre and Post-Emergent Herbicide Treatments for Amaranthus Barlow, KY 2016. 
 
 
Amaranthus Control2 
 
Timing 3 WAT 5 WAT 6 WAT 8 WAT Density3 Height3 
----------------------(%)----------------------- (#pl/m2) ---(cm)--- 
 
 
 
 
 
 
 
S-metolachlor + metribuzin 
glufosinate + acetochlor 
S-metolachlor + metribuzin + fomesafen 
acetochlor 
 
S-metolachlor + metribuzin + fomesafen 
glufosinate + acetochlor 
chloriumuron + flumioxazin + pyroxasulfane 
S-metolachlor + fomesafen 
15 + 5 
10 + 15 
 
15 + 5 + 14 
15 
 
15 + 5 + 14 
10 + 15 
2 + 14 + 15 
15 + 14 
2208 + 527 
728 + 1260 
 
2128 + 470 + 426 
1260 
2128 + 470 + 426 
728 + 1260 
21 + 77 + 99 
370 + 1669 
Untreated Check - - 
P-value 
1 SOA = herbicide site of action group as recognized by Weed Science Society of America (Shaner et al. 2014) 
2Abbreviation: WAT, weeks after trial initiation 
3Plant density and height measurements taken 6 WAT 
Active Ingredient SOA Group1 Rate g ai/ha 
 
S-metolachlor + metribuzin 
 
15 + 5 
 
S-metolachlor + fomesafen 15 + 14 2208 + 527 
  370 + 1669 
S-metolachlor + metribuzin 15 + 5 2208 + 527 
Acetochlor + fomesafen 15 + 14 1602 + 358 
 
PRE/POST 90a 67a 63b 33bc 65ab 14c 
 
PRE/POST 
 
93a 
 
53a 
 
57b 
 
17c 
 
127b 
 
15c 
 
PRE/POST 
 
93a 
 
63a 
 
98a 
 
83a 
 
0a 
 
0a 
 
PRE/POST 
 
100a 
 
93a 
 
77ab 
 
53ab 
 
11a 
 
7b 
 
PRE/POST 
 
97a 
 
83a 
 
98a 
 
80a 
 
1a 
 
1a 
 
PRE/POST 
 
100a 
 
80a 
 
70b 
 
50abc 
 
19a 
 
8b 
- 0 0 0 0 241c 33d 
 0.7739 0.1038 0.0232 0.0094 0.0013 <.0001 
 
 
 
 
 
Table 7. Number of Herbicide Sites of Activity on Amaranthus Control at 6 Weeks After 
Trial Initiation Barlow, KY 2016 
 
 
Site of Action % Control Plant Height Density 1m2 
1 33d 20.8c 32c 
2 45c 18.3c 26b 
3 64b 14b 21b 
4 98a 0.25a 0.5a 
P-value <.0001 <.0001 <.0001 
 
 
 
 
 
 
 
Table 8. Comparison Between Herbicide Sites Activity on Amaranthus Control 6 Weeks 
After Trial Initiation Barlow, KY 2016. 
 
 
 
  Sites of Action  t-value  Pr> t  
1 2 -1.79 0.0764 
1 3 -4.45 <.0001 
1 4 -4.13 <.0001 
2 3 -2.61 0.0106 
2 4 -3.35 0.0012 
  3  4  -2.14  0.0348  
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Table 9. Early Season Control with Combined Soil-Applied (PRE) Treatments at Barlow and Paris, KY 2017 
 
 
 
 
  Amaranthus Control  
 
 4 WAT1    6 WAT2  
Treatment Rate g ai/ha Barlow Paris Pooled  Barlow Paris Pooled 
  ----------------(%)----------------- ----------------(%)---------------- 
metribuzin + S-metolachlor 527 + 2208 89ab 80b 84bc 71b 64b 67b 
sulfentrazone + S-metolachlor 196 + 1771 75bc 57c 65d 56c 63b* 60b 
chlorimuron + flumioxazin + pyroxasulfone 21 + 77 + 99 94a 95a 94a 84a 80a 82a 
fomesafen + metribuzin + S-metolachlor 426 + 470 + 2128 93a 90a 92ab 76ab 84a 81a 
chlorimuron + flumioxazin + metribuzin 25 + 81 + 280 71c 80b 77c 54c 69b 62b 
P-value  <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 
1Evaluation taken June 8 (Barlow) and June 5 (Paris) 
2Evaluation taken June 21 (Barlow) and June 15 (Paris) 
*Includes POST applications applied June 8 for sulfentrazone + S-metolachlor treatments only 
WAT= Weeks After Trial Initiation 
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Table 10. Palmer Amaranth Population 6 WAT1 After Pre-Emergent Herbicide Application and Prior to 
POST Treatments. Barlow, KY 2017. 
 
 
 
 
 
 
Trade Name 
 
Active Ingredient 
 
Rate g ai/ha 
Palmer 
Amaranth 
   
(# plants/ 10m2) 
Boundary metribuzin + s-metolachlor 527 + 2208 30b 
Broadaxe XC sulfentrazone + s-metolachlor 196 + 1771 47b 
Fierce XLT chlorimuron + flumioxazin + pyroxasulfone 21 + 77 + 99 15a 
Intimidator fomesafen + metribuzin + s-metolachlor 426 + 470 + 2128 25a 
Trivence chlorimuron + flumioxazin + metribuzin 25 + 81 + 280 34b 
P-value   <.0001 
1WAT= Weeks After Trial Initiation 
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Table 11. Visual Control of Soil-Applied PRE Treatments Without POST Application at Paris and 
Barlow, KY 2017. 
 
 
 
 
  Barlow  Paris  
Treatment Rate g ai/ha 7 WAT1 9 WAT1 7 WAT1 11 WAT1 
  -----------(%)---------- ---------(%)---------- 
metribuzin + S-metolachlor 527 + 2208 57 33 63ab 25 
sulfentrazone + S-metolachlor 196 + 1771 33 17 50b 18 
chlorimuron + flumioxazin + pyroxasulfone 21 + 77 + 99 70 63 75ab 30 
fomesafen + metribuzin + S-metolachlor 426 + 470 + 2128 37 17 80a 43 
chlorimuron + flumioxazin + metribuzin 25 + 81 + 280 43 20 58ab 13 
P-value  0.3606 0.1061 0.0140 0.1353 
1WAT=Weeks After Trial Initiation      
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Table 12. Visual Control of Post Emergence Treatments Pooled Across PRE Treatments. Barlow, KY 2017 
 
 
 
 
Visual Control 
Trade Name Active Ingredient Rate g/ha 7 WAT1 9 WAT1 
----------(%)---------- 
Enlist Duo glyphosate + 2,4-D 1130 + 1022 67c 73a 
XtendiMAX + Roundup PowerMAX dicamba + glyphosate 560+ 1120 78bc 89a 
Liberty glufosinate 650 95a 77a 
Liberty + Warrant glufosinate + acetochlor 650 + 1817 91ab 77a 
Prefix fomesafen + s-metolachlor 370 + 1670 64c 42b 
Untreated n/a n/a 48d 30b 
P-value   <.0001 <.0001 
1WAT= Weeks After Trial Initiation     
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Table 13. Visual Control of Post Emergence Treatments Pooled Across PRE Treatments. Paris, KY 2017. 
 
 
 
 
Visual Control 
Trade Name Active Ingredient Rate g/ha 7 WAT1 11 WAT1 
----------(%)---------- 
Enlist Duo glyphosate + 2,4-D 1130 + 1022 70a 44a 
XtendiMAX + Roundup PowerMAX dicamba + glyphosate 560 + 1120 74a 47a 
Liberty glufosinate 650 64a 21cd 
Liberty + Warrant glufosinate + acetochlor 650 + 1817 74a 27bc 
Prefix fomesafen + s-metolachlor 370 + 1670 74a 37ab 
Untreated n/a n/a 25b 8d 
P-value   <.0001 <.0001 
1WAT=Weeks After Trial Initiation     
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Table 14. Palmer Amaranth Plant Populations 9 WAT1. Barlow, KY 2017 
 
 
 
Trade Name 
 
Active Ingredient 
 
Rate g/ha 
Palmer 
Amaranth 
   (# plants/10m2) 
Enlist Duo glyphosate + 2,4-D 1130 + 1022 4ab 
XtendiMAX + Roundup PowerMAX dicamba + glyphosate 560 + 1120 1a 
Liberty glufosinate 650 2ab 
Liberty + Warrant glufosinate + acetochlor 650 + 1817 3ab 
Prefix fomesafen + s-metolachlor 370 + 1670 5bc 
Untreated - - 8c 
P-value   <.0001 
1WAT=Weeks After Trial Initiation    
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Table 15. Palmer Amaranth Plant Density Paris, KY 2017. 
 
 
  Palmer Amaranth  
Trade Name Active Ingredient Rate g/ha 7 WAT1 10 WAT1 
(# plants/10m2) 
Enlist Duo glyphosate + 2,4-D 1130 + 1022 81a 157ab 
Roundup PowerMAX + XtendiMAX dicamba + glyphosate 560 + 1120 57a 196b 
Liberty glufosinate 650 155a 191b 
Liberty + Warrant glufosinate + acetochlor 650 + 1817 65a 163b 
Prefix fomesafen + s-metolachlor 370 + 1670 68a 106a 
Untreated n/a n/a 443b 198b 
P-value   <.0001 <.0002 
1WAT=Weeks After Trial Initiation     
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Table 16. Palmer Amaranth Biomass Dry Weight Collected 10 Weeks After Trial Initiation 
Barlow, KY 2017. 
Palmer 
  Amaranth  
Treatment Active Ingredients Rate Dry Weight 
   (Grams/m2) 
Boundary metribuzin + S-metolachlor 526 + 2206 147a 
Boundary fb 
Enlist Duo 
metribuzin + S-metolachlor 
glyphosate + 2,4-D 
526 + 2206 
1130 + 1022 
 
140a 
Boundary fb 
Liberty 
metribuzin + S-metolachlor 
glufosinate 
526 + 2206 
650 
 
72a 
Boundary fb 
Liberty + Warrant 
metribuzin + S-metolachlor 
glufosinate + acetochlor 
526 + 2206 
728 +1260 
 
0a 
Boundary fb 
Prefix 
metribuzin + S-metolachlor 
fomesafen + S-metolachlor 
526 + 2206 
1669 + 370 
 
276a 
Boundary fb 
Roundup + 
XtendiMAX 
metribuzin + S-metolachlor 
glyphosate + dicamba 
526 + 2206 
2240 + 1120 
 
0a 
P-value   0.121 
    
 
Broadaxe XC 
 
sulfentrazone + S-metolachlor 
 
196 + 1771 158ab 
Broadaxe XC fb 
Enlist Duo 
sulfentrazone + S-metolachlor 
glyphosate + 2,4-D 
196 + 1771 
1130 + 1022 
 
215ab 
Broadaxe XC fb 
Liberty 
sulfentrazone + S-metolachlor 
glufosinate 
196 + 1771 
650 
4a 
Broadaxe XC fb 
Liberty + Warrant 
sulfentrazone + S-metolachlor 
glufosinate + acetochlor 
196 + 1771 
728 + 1260 
118a 
Broadaxe XC fb 
Prefix 
sulfentrazone + S-metolachlor 
fomesafen + S-metolachlor 
196 + 1771 
1669 + 370 
829b 
Broadaxe XC fb 
Roundup + 
XtendiMAX 
sulfentrazone + S-metolachlor 
glyphosate + dicamba 
196 + 1771 
2240 + 1120 
 
11a 
P-value   0.001 
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Table 16. Continued 
 
 
 
Fierce XLT 
 
chlorimuron + flumioxazin + pyroxasulfone 
 
21 + 77 + 99 169a 
Fierce XLT fb 
Enlist Duo 
chlorimuron + flumioxazin + pyroxasulfone 
glyphosate + 2,4-D 
21 + 77 + 99 
1130 + 1022 
 
0a 
Fierce XLT fb 
Liberty 
chlorimuron + flumioxazin + pyroxasulfone 
glufosinate 
21 + 77 + 99 
650 
 
0a 
Fierce XLT fb 
Liberty + Warrant 
chlorimuron + flumioxazin + pyroxasulfone 
glufosinate + acetochlor 
21 + 77 + 99 
728 + 1260 
 
0a 
Fierce XLT fb 
Prefix 
chlorimuron + flumioxazin + pyroxasulfone 
fomesafen + S-metolachlor 
21 + 77 + 99 
1669 + 370 
 
4a 
Fierce XLT fb 
Roundup + 
XtendiMAX 
chlorimuron + flumioxazin + pyroxasulfone 
glyphosate + dicamba 
21 + 77 + 99 
2240 + 1120 
 
0a 
P-value   0.275 
    
 
Intimidator 
 
S-metolachlor + metribuzin + fomesafen 
2128 + 470 + 
426 
362b 
Intimidator + 
Enlist Duo 
S-metolachlor + metribuzin + fomesafen 
glyphosate + 2,4-D 
2128 + 470 + 
426 1130 + 
1022 
 
25a 
Intimidator fb 
Liberty 
S-metolachlor + metribuzin + fomesafen 
glufosinate 
2128 + 470 + 
426 650 
29a 
Intimidator fb 
Liberty + Warrant 
S-metolachlor + metribuzin + fomesafen 
glufosinate + acetochlor 
2128 + 470 + 
426 728 + 1260 
32a 
Intimidator fb 
Prefix 
S-metolachlor + metribuzin + fomesafen 
S-metolachlor + fomesafen 
2128 + 470 + 
426 370 + 1669 
129a 
Intimidator fb 
Roundup + 
XtendiMAX 
S-metolachlor + metribuzin + fomesafen 
glyphosate + dicamba 
2128 + 470 + 
426 2240 + 1120 
 
0a 
P-value   0.0154 
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Table 16. Continued 
 
 
 
 
 
Trivence 
 
chlorimuron + flumioxazin + metribuzin 
 
25 + 81 + 280 169ab 
Trivence fb 
Enlist Duo 
chlorimuron + flumioxazin + metribuzin 
glyphosate + 2,4-D 
25 + 81 + 280 
1130 + 1022 
 
86ab 
Trivence fb 
Liberty 
chlorimuron + flumioxazin + metribuzin 
glufosinate 
25 + 81 + 280 
650 
0a 
Trivence fb 
Liberty + Warrant 
chlorimuron + flumioxazin + metribuzin 
glufosinate + acetochlor 
25 + 81 + 280 
728 + 1260 
323b 
Trivence fb 
Prefix 
chlorimuron + flumioxazin + metribuzin 
S-metolachlor + fomesafen 
25 + 81 + 280 
370 + 1669 
341b 
Trivence fb 
Roundup + 
XtendiMAX 
chlorimuron + flumioxazin + metribuzin 
glyphosate + dicamba 
25 + 81 + 280 
2240 + 1120 
 
22ab 
P-value   0.0003 
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Table 17. Palmer Amaranth Biomass Dry Weights 10 Weeks After Trial Initiation 
Paris, KY 2017 
  
Palmer Amaranth Biomass Weight 
 Palmer 
Amaranth 
Treatment Active Ingredients Rate Dry Weight 
   (Grams/m2) 
Boundary metribuzin + S-metolachlor 526 + 2206 328a 
Boundary fb 
Enlist Duo 
metribuzin + S-metolachlor 
glyphosate + 2,4-D 
526 + 2206 
1130 + 1022 
 
266a 
Boundary fb 
Liberty 
metribuzin + S-metolachlor 
glufosinate 
526 + 2206 
650 
374a 
Boundary fb 
Liberty + Warrant 
metribuzin + S-metolachlor 
glufosinate + acetochlor 
526 + 2206 
728 +1260 
401a 
Boundary fb 
Prefix 
metribuzin + S-metolachlor 
fomesafen + S-metolachlor 
526 + 2206 
1669 + 370 
256a 
Boundary fb 
Roundup + 
XtendiMAX 
metribuzin + S-metolachlor 
glyphosate + dicamba 
526 + 2206 
2240 + 1120 
 
116a 
P-value   0.1543 
    
 
Broadaxe XC 
 
sulfentrazone + S-metolachlor 
 
196 + 1771 248a 
Broadaxe XC fb 
Enlist Duo 
sulfentrazone + S-metolachlor 
glyphosate + 2,4-D 
196 + 1771 
1130 + 1022 
 
296a 
Broadaxe XC fb 
Liberty 
sulfentrazone + S-metolachlor 
glufosinate 
196 + 1771 
650 
589a 
Broadaxe XC fb 
Liberty + Warrant 
sulfentrazone + S-metolachlor 
glufosinate + acetochlor 
196 + 1771 
728 + 1260 
503a 
Broadaxe XC fb 
Prefix 
sulfentrazone + S-metolachlor 
fomesafen + S-metolachlor 
196 + 1771 
1669 + 370 
269a 
Broadaxe XC fb 
Roundup + 
XtendiMAX 
sulfentrazone + S-metolachlor 
glyphosate + dicamba 
196 + 1771 
2240 + 1120 
 
266a 
P-value   0.3775 
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Table 17. Continued 
 
 
 
Fierce XLT 
 
chlorimuron + flumioxazin + pyroxasulfone 
 
21 + 77 + 99 285b 
Fierce XLT fb 
Enlist Duo 
chlorimuron + flumioxazin + pyroxasulfone 
glyphosate + 2,4-D 
21 + 77 + 99 
1130 + 1022 
 
0a 
Fierce XLT fb 
Liberty 
chlorimuron + flumioxazin + pyroxasulfone 
glufosinate 
21 + 77 + 99 
650 
153ab 
Fierce XLT fb 
Liberty + Warrant 
chlorimuron + flumioxazin + pyroxasulfone 
glufosinate + acetochlor 
21 + 77 + 99 
728 + 1260 
118ab 
Fierce XLT fb 
Prefix 
chlorimuron + flumioxazin + pyroxasulfone 
fomesafen + S-metolachlor 
21 + 77 + 99 
1669 + 370 
272b 
Fierce XLT fb 
Roundup + 
XtendiMAX 
chlorimuron + flumioxazin + pyroxasulfone 
glyphosate + dicamba 
21 + 77 + 99 
2240 + 1120 
 
38a 
P-value   0.0003 
    
 
Intimidator 
 
S-metolachlor + metribuzin + fomesafen 
 
2128 + 470 + 426 917a 
Intimidator + 
Enlist Duo 
S-metolachlor + metribuzin + fomesafen 
glyphosate + 2,4-D 
2128 + 470 + 426 
1130 + 1022 
 
24a 
Intimidator fb 
Liberty 
S-metolachlor + metribuzin + fomesafen 
glufosinate 
2128 + 470 + 426 
650 
452a 
Intimidator fb 
Liberty + Warrant 
S-metolachlor + metribuzin + fomesafen 
glufosinate + acetochlor 
2128 + 470 + 426 
728 + 1260 
153a 
Intimidator fb 
Prefix 
S-metolachlor + metribuzin + fomesafen 
S-metolachlor + fomesafen 
2128 + 470 + 426 
370 + 1669 
16a 
Intimidator fb 
Roundup + 
XtendiMAX 
S-metolachlor + metribuzin + fomesafen 
glyphosate + dicamba 
2128 + 470 + 426 
2240 + 1120 
 
70a 
P-value   0.3148 
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Table 17. Continued 
 
 
Trivence 
 
chlorimuron + flumioxazin + metribuzin 
 
25 + 81 + 280 554c 
Trivence fb 
Enlist Duo 
chlorimuron + flumioxazin + metribuzin 
glyphosate + 2,4-D 
25 + 81 + 280 
1130 + 1022 
 
218ab 
Trivence fb 
Liberty 
chlorimuron + flumioxazin + metribuzin 
glufosinate 
25 + 81 + 280 
650 
393bc 
Trivence fb 
Liberty + Warrant 
chlorimuron + flumioxazin + metribuzin 
glufosinate + acetochlor 
25 + 81 + 280 
728 + 1260 
274abc 
Trivence fb 
Prefix 
chlorimuron + flumioxazin + metribuzin 
S-metolachlor + fomesafen 
25 + 81 + 280 
370 + 1669 
78a 
Trivence fb 
Roundup + 
XtendiMAX 
chlorimuron + flumioxazin + metribuzin 
glyphosate + dicamba 
25 + 81 + 280 
2240 + 1120 
 
105a 
P-value   <.0001 
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APPENDIX A 
 
Post Emergence Visual Control Evaluations 7 and 9 WAT Barlow, KY 2017 
 
 
 
 
Barlow 2017 Palmer Amaranth Control 
  % Visual Control  
Treatment Active Ingredients Rate g ai/ha 7 WAT1 9 WAT1 
 
Boundary 
 
metribuzin + S-metolachlor 
 
526 + 2206 
 
57 
 
33 
Boundary fb 
Enlist Duo 
metribuzin + S-metolachlor 
glyphosate + 2,4-D 
526 + 2206 
1130 + 1022 
 
70 
 
70 
Boundary fb 
Liberty 
metribuzin + S-metolachlor 
glufosinate 
526 + 2206 
650 
 
97 
 
77 
Boundary fb 
Liberty + Warrant 
metribuzin + S-metolachlor 
glufosinate + acetochlor 
526 + 2206 
728 +1260 
 
100 
 
77 
Boundary fb 
Prefix 
metribuzin + S-metolachlor 
fomesafen + S-metolachlor 
526 + 2206 
1669 + 370 
 
73 
 
50 
Boundary fb 
Roundup + 
  XtendiMAX  
metribuzin + S-metolachlor 
glyphosate + dicamba 
526 + 2206 
2240 + 1120 
 
70 
 
90 
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Appendix A Continued 
 
Broadaxe XC sulfentrazone + S-metolachlor 196 + 1771 33 17 
Broadaxe XC fb 
Enlist Duo 
sulfentrazone + S-metolachlor 
glyphosate + 2,4-D 
196 + 1771 
1130 + 1022 
 
50 
 
60 
Broadaxe XC fb 
Liberty 
sulfentrazone + S-metolachlor 
glufosinate 
196 + 1771 
650 
 
97 
 
80 
Broadaxe XC fb 
Liberty + Warrant 
sulfentrazone + S-metolachlor 
glufosinate + acetochlor 
196 + 1771 
728 + 1260 
 
87 
 
73 
Broadaxe XC fb 
Prefix 
sulfentrazone + S-metolachlor 
fomesafen + S-metolachlor 
196 + 1771 
1669 + 370 
 
43 
 
20 
Broadaxe XC fb 
Roundup + 
  XtendiMAX  
sulfentrazone + S-metolachlor 
glyphosate + dicamba 
196 + 1771 
2240 + 1120 
 
70 
 
87 
 
Fierce XLT 
 
chlorimuron + flumioxazin + pyroxasulfone 
 
21 + 77 + 99 
 
70 
 
63 
Fierce XLT fb 
Enlist Duo 
chlorimuron + flumioxazin + pyroxasulfone 
glyphosate + 2,4-D 
21 + 77 + 99 
1130 + 1022 
 
80 
 
80 
Fierce XLT fb 
Liberty 
chlorimuron + flumioxazin + pyroxasulfone 
glufosinate 
21 + 77 + 99 
650 
 
100 
 
93 
Fierce XLT fb 
Liberty + Warrant 
chlorimuron + flumioxazin + pyroxasulfone 
glufosinate + acetochlor 
21 + 77 + 99 
728 + 1260 
 
93 
 
83 
Fierce XLT fb 
Prefix 
chlorimuron + flumioxazin + pyroxasulfone 
fomesafen + S-metolachlor 
21 + 77 + 99 
1669 + 370 
 
73 
 
57 
Fierce XLT fb 
Roundup + 
  XtendiMAX  
chlorimuron + flumioxazin + pyroxasulfone 
glyphosate + dicamba 
21 + 77 + 99 
2240 + 1120 
 
87 
 
93 
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Appendix A Continued 
 
Intimidator S-metolachlor + metribuzin + fomesafen 2128 + 470 + 426 37 17 
Intimidator + 
Enlist Duo 
S-metolachlor + metribuzin + fomesafen 
glyphosate + 2,4-D 
2128 + 470 + 426 
1130 + 1022 
 
73 
 
83 
Intimidator fb 
Liberty 
S-metolachlor + metribuzin + fomesafen 
glufosinate 
2128 + 470 + 426 
650 
 
97 
 
77 
Intimidator fb 
Liberty + Warrant 
S-metolachlor + metribuzin + fomesafen 
glufosinate + acetochlor 
2128 + 470 + 426 
728 + 1260 
 
97 
 
87 
Intimidator fb 
Prefix 
S-metolachlor + metribuzin + fomesafen 
S-metolachlor + fomesafen 
2128 + 470 + 426 
370 + 1669 
 
77 
 
53 
Intimidator fb 
Roundup + 
  XtendiMAX  
S-metolachlor + metribuzin + fomesafen 
glyphosate + dicamba 
2128 + 470 + 426 
2240 + 1120 
 
87 
 
90 
 
Trivence 
 
chlorimuron + flumioxazin + metribuzin 
 
25 + 81 + 280 
 
43 
 
20 
Trivence fb 
Enlist Duo 
chlorimuron + flumioxazin + metribuzin 
glyphosate + 2,4-D 
25 + 81 + 280 
1130 + 1022 
 
63 
 
70 
Trivence fb 
Liberty 
chlorimuron + flumioxazin + metribuzin 
glufosinate 
25 + 81 + 280 
650 
 
87 
 
60 
Trivence fb 
Liberty + Warrant 
chlorimuron + flumioxazin + metribuzin 
glufosinate + acetochlor 
25 + 81 + 280 
728 + 1260 
 
80 
 
63 
Trivence fb 
Prefix 
chlorimuron + flumioxazin + metribuzin 
S-metolachlor + fomesafen 
25 + 81 + 280 
370 + 1669 
 
53 
 
30 
Trivence fb 
Roundup + 
  XtendiMAX  
chlorimuron + flumioxazin + metribuzin 
glyphosate + dicamba 
25 + 81 + 280 
2240 + 1120 
 
77 
 
87 
 LSD p=.05  22 24 
56  
 
APPENDIX B 
 
Post Emergence Visual Control Evaluations 7 and 11 WAT Paris, KY 2017. 
 
 
 
 
 Palmer Amaranth Biomass Weight    
Treatment Active Ingredients Rate 7 WAT 11 WAT 
 
Boundary 
 
metribuzin + S-metolachlor 
 
526 + 2206 
 
25 
 
13 
 
Boundary fb 
Enlist Duo 
 
metribuzin + S-metolachlor 
glyphosate + 2,4-D 
526 + 2206 
1130 + 1022 
 
60 
 
30 
Boundary fb 
Liberty 
metribuzin + S-metolachlor 
glufosinate 
526 + 2206 
650 
 
40 
 
10 
Boundary fb 
Liberty + Warrant 
metribuzin + S-metolachlor 
glufosinate + acetochlor 
526 + 2206 
728 +1260 
 
70 
 
25 
Boundary fb 
Prefix 
metribuzin + S-metolachlor 
fomesafen + S-metolachlor 
526 + 2206 
1669 + 370 
 
85 
 
38 
Boundary fb 
Roundup + XtendiMAX 
metribuzin + S-metolachlor 
glyphosate + dicamba 
526 + 2206 
2240 + 1120 
 
73 
 
45 
57  
Appendix B Continued 
 
Broadaxe XC sulfentrazone + S-metolachlor 196 + 1771 18 8 
Broadaxe XC fb 
Enlist Duo 
sulfentrazone + S-metolachlor 
glyphosate + 2,4-D 
196 + 1771 
1130 + 1022 
 
53 
 
23 
Broadaxe XC fb 
Liberty 
sulfentrazone + S-metolachlor 
glufosinate 
196 + 1771 
650 
48  
13 
Broadaxe XC fb 
Liberty + Warrant 
sulfentrazone + S-metolachlor 
glufosinate + acetochlor 
196 + 1771 
728 + 1260 
58 
 
15 
Broadaxe XC fb 
Prefix 
sulfentrazone + S-metolachlor 
fomesafen + S-metolachlor 
196 + 1771 
1669 + 370 
58 
 
23 
Broadaxe XC fb 
Roundup + XtendiMAX 
sulfentrazone + S-metolachlor 
glyphosate + dicamba 
196 + 1771 
2240 + 1120 
68 
 
26 
 
Fierce XLT 
 
chlorimuron + flumioxazin + pyroxasulfone 
 
21 + 77 + 99 
 
30 
 
10 
 
Fierce XLT fb 
Enlist Duo 
 
chlorimuron + flumioxazin + pyroxasulfone 
glyphosate + 2,4-D 
21 + 77 + 99 
1130 + 1022 
 
95 
 
78 
Fierce XLT fb 
Liberty 
chlorimuron + flumioxazin + pyroxasulfone 
glufosinate 
21 + 77 + 99 
650 
 
88 
 
28 
Fierce XLT fb 
Liberty + Warrant 
chlorimuron + flumioxazin + pyroxasulfone 
glufosinate + acetochlor 
21 + 77 + 99 
728 + 1260 
 
90 
 
40 
Fierce XLT fb 
Prefix 
chlorimuron + flumioxazin + pyroxasulfone 
fomesafen + S-metolachlor 
21 + 77 + 99 
1669 + 370 
 
45 
 
10 
Fierce XLT fb 
Roundup + XtendiMAX 
chlorimuron + flumioxazin + pyroxasulfone 
glyphosate + dicamba 
21 + 77 + 99 
2240 + 1120 
 
73 
 
53 
58  
Appendix B Continued 
 
Intimidator S-metolachlor + metribuzin + fomesafen 2128 + 470 + 
426 
43 8 
Intimidator + 
Enlist Duo 
S-metolachlor + metribuzin + fomesafen 
glyphosate + 2,4-D 
2128 + 470 + 
426 1130 + 
1022 
 
78 
 
60 
Intimidator fb 
Liberty 
S-metolachlor + metribuzin + fomesafen 
glufosinate 
2128 + 470 + 
426 650 
80 
 
 40 
Intimidator fb 
Liberty + Warrant 
S-metolachlor + metribuzin + fomesafen 
glufosinate + acetochlor 
2128 + 470 + 
426 728 + 1260 
88 
 
40 
Intimidator fb 
Prefix 
S-metolachlor + metribuzin + fomesafen 
S-metolachlor + fomesafen 
2128 + 470 + 
426 370 + 1669 
95 
 
73 
Intimidator fb 
Roundup + XtendiMAX 
S-metolachlor + metribuzin + fomesafen 
glyphosate + dicamba 
2128 + 470 + 
426 2240 + 
  1120  
 
78 
 
63 
Trivence chlorimuron + flumioxazin + metribuzin 25 + 81 + 280 13 5 
Trivence fb 
Enlist Duo 
chlorimuron + flumioxazin + metribuzin 
glyphosate + 2,4-D 
25 + 81 + 280 
1130 + 1022 
 
65 
 
30 
Trivence fb 
Liberty 
chlorimuron + flumioxazin + metribuzin 
glufosinate 
25 + 81 + 280 
650 
63 
 
15 
Trivence fb 
Liberty + Warrant 
chlorimuron + flumioxazin + metribuzin 
glufosinate + acetochlor 
25 + 81 + 280 
728 + 1260 
65 
 
15 
Trivence fb 
Prefix 
chlorimuron + flumioxazin + metribuzin 
S-metolachlor + fomesafen 
25 + 81 + 280 
370 + 1669 
88 
 
40 
Trivence fb 
Roundup + XtendiMAX 
chlorimuron + flumioxazin + metribuzin 
glyphosate + dicamba 
25 + 81 + 280 
2240 + 1120 
78 
 
40 
 LSD P(.05)  17 15 
59  
 
 
 
 
 
 
 
 
 
 
APPENDIX C 
 
Soil Applied Atrazine Visual Evaluations on Amaranthus Efficacy Barlow and Paris, KY 2017. 
 
 
 
  Amaranthus Control  
Treatment Rate g ai/ha Barlow  Paris 
  
4 WAT1 6 WAT 4 WAT 6 WAT 
  
----------(%)--------- ----------(%)---------- 
atrazine 1680 63 33 51 23 
1WAT=Weeks After Trial Intiation 
    
60 
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